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[57] ABSTRACT 

A method is provided for fdUng an endodontically pre- 
pared root canal in a tooth including the steps of inject- 
ing flowable filler material, such as gutta percha. prefer- 
ably after the fiUer material has been heated, into the 
root canal to at least substantially fill the root canal, 
inserting an obturator shaft into the root canal to dis- 
place the flowable filler material to more completely fill 
the root canal, and severing the obturator shaft into two 
portions, retaining the shaft portion therein within the 
root canal and removing the severed portion from the 
tooth. The root canal having been filled, the tooth can 
then be repaired in the normal procedure for comple- 
tion of an endodontic procedure. 

3 Claims, 2 Drawing Sheets 
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After a root canal has been thoroughly cleaned of all 

METHOD OF FILLING AN ENDODONTICALLY pulpal material and contaminants to the extent practi- 

PREPARED ROOT CANAL cally possible, the canal must be filled or obturated so as 

to prevent the entrance of foreign matter and body 

BACKGROUND OF THE INVENTION 5 fluids therein and to ensure a successful endodontic 

Conventional techniques for preforming endodontic procedure. After the root canal has been treated end- 
therapy on teeth are time consuming. Further, such odontically in the normal way and is ready to be fUled 
procedures do not always adequately ensure that the the practitioner, accordmg to the principles of this m- 
entire canal system is filled with the repair material. vention, employs the use of an obturator appliance. The 
Experience has shown that it is not possible to remove obturator appliance is in the form of a manually cm- 
all pulpal remanents and contaminants from a root canal ployed element having an elongated^ usually tapered 
with current preparation techniques. If the pulpal rema- shaft portion with a distal end and having, at the proxi- 
nents and contaminants are thoroughly entombed in the mal end, an enlarged diameter handle portion. The 
repair material, the endodontic therapy can be success- obturator is of dimensions such that when inserted into 
ful. If the remanents and contaminants are not thor- an endodontically prepared root canal, the distal end 
oughly entombed, there is a high probability of failure will extend at least substantially to the root canal apex, 
of the therapy. The appliance typically has depth markings on the elon- 

To achieve a high degree of success in endodontic gated shaft in the area between the portion that is re- 
therapy complete obturation of the canal system is nec- ceivable in a root canal and the handle portion, 
essary. Experience has shown that failure to completely xhe practitioner inserts the shaft portion of the appli- 
obturate the canal system is the primary cause of failure ance into the root canal so that the distal end thereof 
in endodontic therapy. In the past, the usual means of reaches to, or at least substantially to, the root canal 
filling an endodontically prepared root canal is by the gp^x practitioner notices, such as by use of depth 
use of a condenser, that is, a manually held tool having markings, the depth of the obturator shaft in the root 
a small diameter shaft, usually flat on the end. The tech- 25 ^^^j obturator is then removed from the tooth, 
nician, whether a dentist or an endodontic specialist, j^^^^ practitioner inserts filler material into the 
applies filler material by dipping the condenser into a ^^^^ substantially fill the root canal, 
quantity of filler material, such as gutta perclw, and ^ ^ accomplished by inserting the filler material 
inserting it into the root canal repeatedly to fill the ^^jj^. ^ condenser tool or by insertion of flowable 
canal, the condenser being used to compact the filler 30 ^^^^^^ ^^^^^ ^ application tip inserted into 
material in the root canal. This procedure is exceed- ^^^y 

ingly time consuming and the ^^^jj^^^^^.^fj,^^^^^^ After the root canal is filled with filler material the 

predictable. Such system can fail to completely obturate ^^^^ ^^.^^ ^^^j.^^^ .^^^^ .^^ 

' OthersTve provided more automated systems in 35 ^anal to displace and more completely c^^^^^ the 

which the filler material is placed in a cylinder in a ^f^' ^^^"^ f<'^^ f " ^^^^^^^ "^nJZH 

hand-held gun-like machine The filler material is the root canal ±at may not have been fuHy fiUed ^^^^^ 

heated and by pressure to the filler material within the '"'^^^^J^'l^J'^'^'J procedure. . . - 

cylinder, the filler material is forced through a small ^haf portion of the appbance is inserted mto 

tubular needle directly into the root canal. This proce- 40 ^^ot canal the practitioner observes the depth of 

dure is advantageous over the purely manual condenser insertion of the shaft portion and continues to insert the 

technique and has the significant advantage of reducing ""P^^JIJ ^^^^ P°:^^°" "^^^ observmg the depth until 

the time required to fill the root canal. However, any the full depth is achieved as previously noted to indicate 

system that depends entirely upon compaction of filler that the apphance distal end is at or substantially at the 

material within a root canal is subject to some degree of 45 ^^^t canal apex. 

failure because of the nature of filler material in current - Next, the practitioner severes the appliance shaft mto 

use, and particularly of the nature of gutta percha, the two portions. This can be accomplished utilizmg a ro- 

most commonly used filler material. tating burr. The appliance shaft is severed above the 

Gutta percha is frequently heated prior to use in- portion extending within the root canal so as to 

crease the plasticity thereof. When placed in a tooth it 50 separate substantially all of the appliance except the 

cools fairly quickly and when it cools is not subject to shaft portion extending within the root canal, includmg 

free flow into lateral passageways that might exist in the the portion thereof having the handle portion. The 

root canal that needs to be obturated in order to have a practitioner then removes the severed portion from the 

completely successful procedure. tooth, leaving the shaft portion of the appliance within 

The present invention relates to an improved method 55 the root canal to serve as a portion of the canal filling 

of filling the root canal in which filler material is applied material. 

by a filler gun thorough a tubular needle directly into Thereafter, the endodontic procedure is completed as 

the root canal in a tooth, foUowed by the insertion of in the usual manner that generally includes filling the 

the shaft portion of an obturator appliance into the root cavity formed in the tooth to gain access to the root 

canal. The insertion of a physical deyice into a root 60 canal. 

canal filled with filler material tends to compact and A better understanding of the invention will be ob- 

disperse the filler material into all areas in the root ca- tained by reference to the attached description of the 

nal, and particularly into lateral passageways, in a man- preferred embodiment which is taken in conjunction 

ner that is superior to other hereto known systems. with the attached drawings. 

SUMMARY OF THE INVENTION DESCRIPTION OF THE DRAWINGS 

The method of filling an endodontically prepared FIG. 1 is a cross-«scctional view of a typical tooth 

root canal of this invention includes a sequence of steps. showing a root canal that has been endodontically pre- 
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pared to be filled with a filler material as in the pan of 
a typical endodontic procedure. 

FIG. 2 is a diagrammatic elevational view of a typical 
applicator for use in inserting filler material into an 
endodontically prepared root canal. The applicator S 
having an applicator needle through which the filler 
material is forced into the canal. 

FIG. 3 shows the needle portion of an applicator 
inserted into the root canal to near the apex of the canal 
at which point the filling procedure begins. 10 

FIG. 4 shows the applicator tip in the root canal 
raised above the apex and with filler material from the 
applicator tip inserted into the root canal. 

FIG. 5 shows the tooth of FIG. 1 with the endodonti- 
cally prepared root canal substantially filled with filler IS 
material. 

FIG. 6 is an external elevational enlarged view of an 
obtiu-ator appliance that is used in practicing the 
method of this invention. 

FIG. 7 is a cross-sectional view of the obturator ap- 20 
pliance of FIG. 6. 

FIG. 8 shows the shaft portion of the obturator appli- 
ance inserted into the canal to compact and radially 
displace the filler material therein with the obturator 
distal end at the canal . apex. FIG. 8 shows the use of a 25 
burr for severing the obturator appliance into two por- 
tions, one of the portions having the shaft received in 
the canal that is retained within the tooth and the por- 
tion having the handle portion being removed from the 
tooth. In a preferred method of practicing the inven- 30 
tion, the obturator appliance of FIG. 6 is inserted into 
the tooth of FIG. 1 to enable the practitioner to notice 
the depth thereof so that the depth of the obturator as 
obtained in FIG. 8 can be verified. Alternatively, a 
severable obturator, such as illustrated and described in 33 
U.S. Pat. No. 4,894,011 may be employed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring first to FIG. 1, a tooth of a general type, 40 
indicated by the numeral 10, has a root canal 12 therein. 
The root canal 12 extends from an area below the tooth 
crown 14 to the root apex 16. In performing an end- 
odontic procedure the practitioner, usually an endodon- 
tist or a denist, thoroughly cleans root canal 12 of all 45 
pulpal and other contaminant material. This is usually 
achieved by small diameter files having rough exterior 
surfaces that are inserted into root canal 12 and recipro- 
cated to loosen the pulpal material. This procedure is 
repeated until the pulpsJ material has been removed as SO 
thoroughly as practically possible from root canal 12. 

In order to achieve a successfiil endodontic proce- 
dure, root canal 12 must be thoroughly sealed, and for 
this purpose a filler material is employed. The most 
commonly used filler material at the present time is 55 
gutta percha, a naturally occurring plastic-like sub- 
stance that can be heated to cause it to form phases and 
that has proven to be a successfiil material for filling 
root canals. 

FIGS. 6 and 7 show an obturator appliance, indicated 60 
generally by the numeral 18, that is used in practicing 
the methods of this invention. The obturator appliance 
18 is of the type such as shown in U.S. P&t. Nos. 
4,758,156 and 4,894,011 and described in great detail in 
patent application Ser. No. 07/640,047. The teachings 65 
of U.S. Pat. Nos. 4,758.156; 4,894,011 and the subject 
matter of U.S. patent application Ser. No. 07/640,047 
are incorporated herein by reference. Generally speak- 
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ing the obturator appliance 18 is a body having a distal 
end 20 and a proximal end 22. A slender shaft portion 24 
preferably tapered, as shown, extends to distal end 20. 
At the proximal end 22 is an enlarged diameter handle 
portion 26 that is of increased size to make manual ma- 
nipulation of the obturator appliance easier. 

The upper part of shaft portion 24 includes length 
markers 28 that serve to indicate the length of the shaft 
from distal end 20. Instead of being referred to as 
"length markers" markers 28 may also be termed 
"depth markers," 

The obturator appliance 18 may be made of metal or 
preferably of plastic and is preferably unitary. 

Positioned on the upper end of shaft portion 24 is a 
rubber washer 30 that can be used to help compact the 
filler material in a root canal. 

In a preferred method of practicing the invention, the 
fu^t step in filling root canal 12 of the tooth of FIG. 1, 
after it has been endodontically prepared, is to insert 
shafi portion 24 of obturator appliance 18 into root 
canal 12 so that distal end 20 is at or substantially at the 
root canal apex 16. The practitioner then observes and 
mentally notes the depth of shaft portion 24 in the root 
canal, which can be observed by noting the position of 
depth markers 28. 

The obturator appliance 18 is then removed. The 
purpose of inserting the obturator into the root canal 
initially is to establish the position of the obturator in 
the root canal when it has been inserted to the depth so 
that distal end 20 is at or substantially at the apex of the 
root canal. 

Next, the root canal is filled with filler material. This 
can be accomplished in a variety of ways. In one 
method an application tool that has a general appear- 
ance as illustrated in FIG. 2 is utilized, the application 
tool being generally indicated by the numeral 32. The 
application tool 32 is a commercially available product 
such as manufactured by Texceed and sold imder the 
trademark OBTURA n. It is understood that the use of 
such a tool is not indispensable in the practicing of this 
invention but is illustrated as one method. The applica- 
tor tool 32 has a tubular needle 34 that is of small diame- 
ter. The applicator 32 has therein a reservoir for the 
placement of a quantity of filler material, such as a 
cylinder, having communication with needle 34. Means 
is provided within applicator tool 32 to heat the filler 
material, such as energy supplied by flexible cable 36. A 
plunger 38, when manually depressed, moves the 
heated filler material through needle 34 to fill a root 
canal. 

FIG. 3 shows needle 34, such as from an aipplicator 
tool 32, extended within root canal 12 with the tip end 
40 of needle 34 adjacent the root canal apex 16. 

Filler material is injected through needle 34 to fill the 
root canal. The filler material being indicated in FIG. 4 
by the numeral 42. As the root canal is filled needle 34 
is withdrawn. 

FIG. 5 shows the tooth of FIG. 1 with root canal 12 
filled with filler material 42. While, as previously indi- 
cated, the use of an applicator tool 32 as shown in FIG. 
2 is an example of a method of filling a root canal, any 
method that substantially fills root canal 12 with filler 
materia] serves the purpose of this invention. The root 
canal 12, as in Fig. 5, should be filled with filler material 
utilizing the best procedure available to the practitioner 
at the time. 

The procedure to. the point of FIG. 5 is frequently 
employed and to complete the endodontic procedure, 



03/04/2004, EAST Version: 1.4.1 



5,149,268 



cavity 44 formed in the tooth to provide access to the 
root canal 12 is filled. 

The procedure described to this point functions satis- 
factorily in many instances. The purpose of this inven- 
tion is to provide a way to improve the efTectiveness of 5 
filling root canal 12 that carries the usual filling proce- 
dure further. 

For this purpose, after the root canal has been filled 
as effectively as possible with filler material to the state 
as indicated in FIG. 5, shaft portion 24 of obturator jq 
appliance 18 is inserted into the filled root canal 12, The 
shaft portion serves to displace and compact filler mate- 
rial 42. This compaction serves to more completely fill 
the root canal, and this is particularly true with refer- 
ence to any radiaUy extending passageways in the tooth j ^ 
structure or other irregular features of the root canal. 
The insertion of the obturator appliance 18 serves par- 
ticularly to radially compact the filler material that is 
difficult to achieve utilizing normal filling procedures, 
such as that previously described and such as accom- 
plished utilizing an applicator of the type identified by 
the numeral 32. Further, the obturator serves to reduce 
shrinkage of the filler material. 

Prior to the insertion of the obturator appliance 18, 
the practitioner will normally move the sliding stopper 
30 down onto shaft 24 so that as the shaft is inserted into 
the filled root canal, the displaced filler material 42 
serves to slide stopper 30 upwardly. Thus, the stopper 
helps maintain the filler material in the root canal to 
more securely fill the root canal. . 

In order to obtain maximum effectiveness of the use 30 
of the obturator appliance 18, it is important that the 
apical end 20 thereof be positioned at, or as near possi- 
ble to, the root canal apex 16, that is, it is desirable that 
the obturator appliance distal end 20 be positioned at or 
adjacent to the root canal apex 16. The practitioner can 35 
know that such is accomplished by observing the depth 
of the shaft portion within the root canal to conform to 
the depth indication previously obtained when the shaft 
was inserted into the root canal before any filler mate- 
rial was inserted therein. Thus, the use of the depth 40 
indicator or markers 28 is important in successfully 
practicing the method of this disclosure. 

After shaft portion 24 is inserted to the depth re- 
quired, obturator appliance 18 is severed into two por- 
tions. This is illustrated in FIG. 8 and can be accom- 
plished utilizing a dental burr 46 rotated by a shaft 48. 
After severance of the proximal portion, including han- 
dle portion 26, the portion shaft 24 above the severed 
point is removed from the tooth. In addition, sliding 
stopper 30 is removed. The portion of the obturator 
shaft 24 below the point of severance is retained within 
the tooth, and the retained portion of shaft 24 serves as 
an integral part of the filler material utOized to obturate 
root c^ial 12. Thus, the root canal is filled with a two- 
component system, that is, a flowable filler material 42, 
such as gutta pcrcha, and a physical obturator in the 
form of a retained shaft portion 24. 

The endodontic procedure can then be completed in 
the ussiud way by filling the cavity 44, encapsulating the 
filler material 42 and the retained portion of the obtura- 
tor shaft 22 in the tooth. ^ 

The procedure described herein results in increased 
effectiveness of filling root canals. The procedure 
which employs the use of the obturator appliance 18 
can be practiced in a way that it does not substantially 
increase the time required for the practitioner to com- 65 
plete an endodontic procedure and yet in a manner 
which substantially increases the effectiveness of an 
obturator procedure. 



The claims and the specification describe the inven- 
tion presented and the terms that are employed in the 
claims draw their meaning from the use of such terms in 
the specification. The same terms employed in the prior 
art may be broader in meaning than specifically em- 
ployed herein. Whenever there is a question between 
the broader defmition of such terms used in the prior art 
and the more specific use of the terms herein, the more 
specific meaning is meant. 

While the invention has been described with a certain 
degree of particularity, it is manifest that many chwges 
may be made in the details of construction and the ar- 
rangement of components without departing from the 
spirit and scope of this disclosure. It is understood that 
the invention is not limited to the embodiments set forth 
herein for purposes of exemplification, but is to be lim- 
ited only by the scope of the attached claim or claims, 
including the full range of equivalency to which each 
element thereof is entitled. 

What is claimed is: 

1. A method of filling an endodontically prepared 
root canal in a tooth employing an obturator in the form 
of an elongated slender body having a proximal end and 
a distal end, the obturator body having a handle portion 
at said proximal end, the body having a shaft portion 
from the handle portion to said distal end, such shaft 
portion being dimensioned so that the portion thereof 
adjacent said distal end may be received in the endodon- 
tically prepared root canal, the obturator body having a 
plurality of integral spaced apart length indicators 
formed on the exterior surface of the shaft portion be- 
tween the handle portion and the portion adjacent the 
distal end to be received in the endodontically prepared 
root canal, the indicators serving to indicate the length 
of the shaft portion to the distal end, comprising the 
steps of: 

(a) inserting the shaft portion of an obturator body 
into the root canal so that the shaft portion distal 
end at least substantially reaches the root canal 
apical end; 

(b) noting the depth of the obturator body shaft por* 
tion in the root canal using the depth indicators; 

(c) withdrawing the obturator body from the root 
canal; 

(d) inserting filler material into the root canal to at 
least substantially fill the root canal; 

(e) inserting the obturator body shaft portion into the 
root canal to displace the filler material to more 
completely fill the root canal; 

(0 observing the depth of insertion of the shaft por- 
tion of the obturator body and continuing to insert 
the obturator body shaft portion while observing 
the depth until the full depth is achieved as noted in 
step (b); and 

(g) severing the obturator body handle portion from 
the obturator body shaft portion; 

(h) retaining the shaft portion thereof Svith the root 
canal; and 

(i) removing the severed handle portion from the 
tooth. 

2. A method of filling an endodontically prepared 
root canal according to claim 1 wherein said step (d) of 
injecting filler material into said root canal includes 
iiuecting heated filler material, the heating serving to 
increase the plasticity of the filler material. 

3. A method of filling an endodontically prepared 
root canal according to claim 1 wherein said step (g) of 
severing said obturator body handle portion from the 
obturator body shaft portion includes severing said 
obturator shaft with .a rotating cut off burr. 

***** 
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[57] ABSTRACT 

Biocompatible, shelf-stable, polymcrizable composi- 
tions which are especially usefal for applications requir- 
ing direct contact with living pulpal tissue, bone or 
dentin, and methods for using the compositions are 
disclosed. The compositions are non-toxic, both before 
and after in situ polymerization, and include at least one 
polymerizable monomer or prepolymer which poly- 
merized by a mechanism other than chelation or saponi- 
fication. In one aspect, the compositions comprise at 
least one non-toxic polymerizable ethylenically unsatu- 
rated monomer or prepolymer and a catalytically effec- 
tive amount of a free radical initiator system, and prefer- 
ably, from about 5 to about 70% by weight of calcium 
hydroxide or calcium oxide. 

24 Qaims, No Drawings 
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METHOD OF TREATING UVING PULP TISSUE 

This is a division of application Sen No. 696, 193, filed 
Jan. 29, 1985. 5 

BACKGROUND OF THE INVENTION 

This invention relates to biocompatible compositions 
and, more particularly, to compositions which are poly* 
merizable or curable to form products which may be 10 
polymerized in situ in contact with living animal tissue, 
especially dentin, bone and hving pulpal tissue, and 
which are particularly well suited for use as dental 
cavity liners, in pulp capping and pulpotomy, as end- 
odontic and other dental filling materials, and as ce- 
ments. 

It has long been known that calcium hydroxide may 
serve as a protective barrier for pulpal tissue against the 
attack of acid from certain filling materials by acting as 
a neutralizing agent for the acids in cements and toxic ^ 
elements eluted from filling materials. It also has been 
known for some time that calcimn hydroxide has a 
stimulating effect on the formation of secondary dentin 
when the calcium hydroxide is applied near or on actual 
exposures of living pulp. This stimulation often is im- 
portant as an adjunct to successful therapeutic treat- 
ment. 

In the past, in order to place calcium hydroxide, or a 
calcium hydroxide former, such as calcium oxide, adja- 
cent an exposed surface of living dentin or pulpal tissue, 
the calcium hydroxide was dispersed in water, or in an 
aqueous or organic solution of a film former, and 
brushed or otherwise applied over prepared surfaces of 
tooth cavities. These prior art aqueous dispersons ap- 35 
parentiy were innocuous and non-toxic to pulpal tissue 
and their use was reasonably successful. However, the 
use of aqueous dispersons which contain film formers 
was deficient in that a relatively long tune was required 
for volatilization of the water and the resultant forma* 40 
tion of the films. By contrast, the use of organic solvent 
systems, such as those systems comprised of calcium 
hydroxide, a fihn former and chloroform, required con- 
siderably less time for solvent evaporation and film 
formation. However, the use of such organic solvent 45 
systems posed problems because of the toxic effects of 
the solvents on pulpal tissue. Thus, although film forma- 
tion was rapid, the use of organic solvents limited the 
application of organic solvent systems to instances 
where no mvolvement between the solvent and pulpal 50 
tissue was anticipated. 

As one means of overcoming the deficiencies of some 
of the earlier aqueous and organic solvent systems, 
attempts were made to combine calcium hydroxide in 
certain systems that were usable as self-hardening 55 
pastes. One such self-hardening system is disclosed in 
U.S. Pat No. 3,047,408 to Dougherty. In tiiat patent 
there is described a dental composition comprised of a 
stoichiometric excess of calcium hydroxide mixed with 
an ester of a polyhydric alcohol and salicylic acid or its 60 
esters. The mixture reacts to form a rigid and permeable 
mass of calcium phenolate having available calcium 
hydroxide dispersed therein. Another system of this 
general type is disclosed in U.S. Pat. No. 4,240,832 to 
Jandourek. The Jandourek system comprises two pastes 65 
and is based upon calcium hydroxide and a condensate 
of an ester of salicylic add and an aldehyde, such as 
formaldehyde or its oligomers. 
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For the most part, hardenable systems of the type 
disclosed in the Dougherty and Jandourek patents offer 
advantages over the earlier calcium hydroxide contain- 
ing systems, and have been useful as dental cavity liners 
and pulp capping materials. However, under leaking 
fillings, the haxdenable systems based on esters of sali- 
cylic acid tend to undergo hydrolysis which eventually 
may allow bacterial invasion, infection and secondary 
caries. These systems also exhibit relatively low com- 
pressive strengths, e.g^, on the order of about 1500 to 
about 4000 psi, and relatively high water and acid solu- 
bility. Accordingly, when used as a cavity liner, a rela- 
tively thick layer of the material must be used so as not 
to crack under the pressures associated with the plug- 
ging of a dental filling material, for example, a dental 
alloy, onto the liner. 

It also has been disclosed in UK Patent Application 
No. 2094326A to provide a restorative dental material 
including calcium hydroxide, a bisphenol-A glycidyl 
methacrylate prepolymer and a polymerization catalyst 
such as an organic peroxide and an amine. The materials 
disclosed in this UK application are self-hardenable 
compositions which must be stored in multiple packages 
until they are mixed and placed in a tooth preparation 
by a dentist 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved polymerizable composition which is suitable 
for use as a cavity liner, in pulp capping and pulpotomy, 
and as endodontic or other dental filling materials, or as 
a cement. 

It is another object to provide a composition which 
contains calcium hydroxide, which is substantially resis- 
tant to hydrolysis and which exhibits low water solubil- 
ity, high acid resistance, and sufficient compressive 
strength so as not to fail when subjected to the pressures 
associated with the plugging of a dental filling material 
thereon or with mastication. 

Yet another object is to provide a biocompatible 
dental composition which can be used in direct contact 
with living pulpal tissue. 

Still another object is to provide a hardenable, cal- 
cium hydroxide containing polymerizable monomer or 
prepolymer composition which is non-toxic to living 
pulpal tissue, which can be cured in situ by free radical 
reaction, and which, when cured, will not fail when 
subjected to the pressures of mastication or dental plug- 
ging, even when applied as a relatively thin layer. 

Another object is to provide a non-toxic composition 
which is curable by free radical reaction, rigid after 
cure, flowable before cure, biologically acceptable to 
dentin, bone and pulpal tissue, highly resistant to inor- 
ganic acids, such as phosphoric acid, and substantially 
insoluble in water when cured. 

Yet another object is to provide a free radical curable, 
calcium hydroxide containing dental composition 
which is radiopaque and suitable for use in direct 
contact with dental pulp and/or dentin. 

Another object is to provide a visible light curable, 
calcium hydroxide containing dental composition, 
which is non-toxic to dentin and living pulpal tissue and 
which can be stored as a shelf-stable one paste system 
prior to cure. 

Yet another object is to provide an improved dental 
composition which is suitable for use as a functional 
composite or as a pit and fissure sealant 
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StUl another object is to provide a biocompatible ity Testing of Medical Devices and Correlation To Animal 

composition which is polymerizable in situ in contact Tests, Biomat, Med. Dev. Art. Org.» 4{3& 4), 235-261 

with living animal tissue, especially mammalian tissue. (1976). In connection with the present compositions, the 

riPTATTPn nncir'iJTPTTniM culture method preferably is performed 

utiiAii-±iiJUti:)CKii'UurN ^ ^929 mouse fibroblast cells which have been 

The above and other objects and advantages are ac- cultured in a growth medium consisting of 5% bovine 

complished in one aspect, by providing a polymerizable serum solution in MEM, wherem the bovine serum 

mixture comprising a monomer or prepolymer material solution initially was used to extract a specified mass of 

having terminal carbon-to-carbon unsaturation, e.g., an ciired or uncured material, as the case may be, and 

ethylenically unsaturated monomer, dimer, trimer, 10 wherein the cells were incubated at 37* ±2* C. for a 

oligomer, or adduct, and a free radical initiator system specified period of time, e.g., 24, 48 or 72 hours. The 

for effecting in situ polymerization of the mixture. In a degree of toxicity may be stated as a function of the 

preferred aspect of the invention, the polymerizable percentage of the cells which have been lysed or fixed 

mixture also comprises calcium hydroxide or a calcium over the test period. For the purposes of this patent 

hydroxide forming material such as calcium oxide, and 15 application, the observable cytotoxic manifestations 

optionally another filler. may be graded qualitatively as follows: non-toxic, no 

Essential features of the polymerizable composition cell lysis or fixation; slight intermediate response, up to 

of the invention are that the monomer or prepolymer 10% cell lysis; intermediate response, between 10% and 

components thereofare substantially non-toxic to living 50% cell lysis or fixation; and, toxic response, greater 

pulpal tissue, dentin or bone, that the overall composi- 20 than 50% cell lysis or fixation, 

tion is substantially non-toxic to Hving pulpal tissue. In general, lysed cells are dead cells that have rup- 

dentin or bone prior to polymerization or cure, and that tured cell walls. Fixed cells are cells that are dead and 

the composition can be polymerized in situ to a hard- are attached to the walls of the flask and may be lysed. 

ened mass that is substantially non-toxic to living pulpal Fixation normally occurs at a high percentage of cells 

tissue, dentin or bone. 25 lysed and is considered a severe response. 

In other aspects of the invention, the polymerizable Another accepted method for determining the neces- 

composition also contains a radiopaque filler such as sary biocompatibility of the various compositions 

barium sulfate, and the initiator system is one which is toward living tissue, particularly living pulpal tissue and 

operable upon exposure to visible light dentin, is an in vivo test which involves filling prepared 

Some of the polymerizable monomer or prepolymer 30 teeth of a primate, such as Cynomolgus Fascicularis, with 

materials which may be used in preparing the polymer- a filling composition to be tested, sacrificing the animal 

izable mixtures of the present invention may not be after a predetermined period of time, excising the filled 

novel in and of themselves. However, the use of such teeth and subjecting them to routine histological evalua- 

monomer or prepolymer materials to form in situ poly- tion. The excised teeth are observed for evidence of 

merizable compositions which are non-toxic toward 35 chemical mummification and arc graded subjectively on 

living palpal tissue or bone, and therefore usable in a scale from 0 to 4 for pulpal response. A grade of zero 

direct contact with living pulpal tissue or bone, has not represents no inflammation; 1, mild response; 2, modcr- 

been disclosed in the prior art. ate irritation; 3, severe inflammation; and 4, abscess 

Thus, the polymerizable monomer or prepolymer formation or pulp necrosis. See, for example, H. R. 

materials which are contemplated for use in the present 40 Stanley et al. Compatibility of Various Materials with 

invention are those monomer or prepolymer materials Oral Tissues II: Pulp Responses to Composite Ingredients, 

which polymerize by a mechanism other than by chela- J. Dent. Res., 58(5), pp 1507-1517 (May 1979). 

tion or saponification, and which result in the formation For the purpose of this invention, a polymerizable 

of preferred polymerized or cured compositions which monomer or prepolymer material or a polymerizable 

are substantially resistant to hydrolysis, which exhibit 45 composition containing such monomer or prepolymer 

high acid resistance and low water solubiUty, and which material and, for example, a filler, is suitable for use only 

are characterized by sufficient compressive strength so if there is observed less than 10% cell lysis, and prefera- 

as not to fail when subjected to the stresses associated bly no lysis or fixation after an incubation period of 72 

with the plugging of a dental filling material thereon or ±4 hours when tested in accordance with the above in 

with mastication. Another feature of the suitable mono- 50 vitro cell culture biocompatibility method, or if it re- 

mer or prepolymer materials is that they are biocompat- ceives a grade of 1 or less, and preferably zero in the 

ible, i.e. observably non-toxic to living mammalian tis- above in vivo primate test. The preferred primate to be 

sue. especially iving pulpal tissue, dentin or bone, both used for this latter test is Cynomolgus Fascicularis. 

when in tiie uncured monomeric or prepolymeric state, In one aspect of the invention, the monomer or pre- 

while being cured, and after being cured in situ in 55 polymer material comprises at least one polymerizable 

contact with living m a mm a li a n tissue. ethylenically unsaturated material, and the polymeriz- 

One accepted method for determining the necessary able composition containing the monomer or prepoly- 
biocoinpatibility of various compositions toward living mer material also contains a free radical mitiator system, 
tissue is an in vitro cell culture biocompatibility method Among the suitable monomer or prepolymer materials 
wherein samples of the compositions to be tested are 60 which contain ethylenic unsaturation there may be 
extracted in a bovine serum solution in a Minimum mentioned the vinyl urethane or urethane acrylate or 
Essential Medium (MEM), whereafter the bovine urethane methacrylate materials which are well known 
serum solution and specified animal cells, such as human in the art. These materials are polymerizable by free 
(WI-38), L929 mouse fibroblast cells or their equivalent, radical initiation and may comprise the reaction prod- 
aic incubated in a MEM for a predetermined period of 65 uct of an organic diisocyanate or an isocyanate-ter- 
time, and the incubated cells are visually observed and minated urethane prepolymer and an ethylenically un- 
graded for cytotoxic manifestations. See, for example, saturated monomer containing groups reactive with the 
R E. Wilsnack, Quantitative Cell Culture Biocompatibil- diisocyanate or diisocyanate prepolymer. The urethane 
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prepolymers, which may be linear or branched, carry 
isocyanate groups and generally are prepared by react- 
ing a compound having hydroxyl ftmctionality with a 
molar excess of diisocyanate. ^tematively, Uie vinyl 
urethane or urethane acrylate or urethane methacrylate 
materials may be prepared by reacting suitable hydrox- 



systems used in their preparation have rendered them 
toxic to living maxnmalion tissue. 

In a preferred aspect of the invention, the vinyl ure- 
thane or urethane-(nieth)acrylate monomer or prepoly- 
mer materials are characterized by the structural for- 
mula 



t II II II I 

CH2=C— C— O— R2— O— C— N— R3— N— C— O— R4— O-C— C=sCH2 
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yl-contaming prepolymers with isocyanto-containing 15 
acrylates and methacrylates. 

Any of a wide variety of isocyanates may be used to 
prepare the isocyanate-tenninated urethane prepolymer 
including aliphatic, cycloaliphatic, heterocyclic, and 
aromatic isocyanates, and combinations of these. Exam- 20 
pies include, but are not limited to 2,4-tolylene diisocya- 
nate, 2,6-tolylene diisocyanate, 1,4-phenylene diisocya- 
nate, hexamethylene diisocyanate, 1,4-naphthalene di- 
isocyanate, 4,4'-diphenyl diisocyanate, butylene-1,4- 
diisocyanate, ethylene diisocyanate, trimethylene diiso- 25 
cyanate, tetramethylene-l,4-diisocyanate, butylene-2,3- 
diisocyanate, cyclohexylenc-l,2-diisocyanate, methy- 
lene-bis-(4-phenyl isocyanate), methylene-bis-(4- 
cyclohexyl isocyanate), diphenyl-3,3'-dimethyl-4,4'. 
diisocyanate, xylylene diisocyanate, cyclohexane-1,4- 30 
diisocyanate, l-methoxyphenyl-2, 4-diisocyanate and 
the like, and mixtures thereof. 

A wide variety of compounds having hydroxyl func- 
tionality may be used to form the isocyanate-tenninated 
urethane prepolymers. For example, suitable hydroxyl 35 
containing compounds include diols and polyols such as 
ethylene glycol propylene glycol, triethylene glycol, 
tetramethylene glycol, polyethylene glycol, trimethyl- 
olpropane, pentaerylthritol. dipentaerythritol, and tie 
like, or esters of acrylic acid, niethacrylic acid or ita- 40 
conic acid or the like with aliphatic polyhydric alco- 
hols. Suitable ethylenically unsaturated hydroxyl con- 
taining compounds are the esters of acrylic or meth- 
acrylic acid, hereinafter referred to as (meth)acrylic 
acid or (meth)acrylate esters, and a hydroxyaUcanol of 45 
at least two carbon atoms such as hydrx)xyethyl(meth)a- 
crylate, hydroxypropyl (meth)acrylate, hydroxyisopro- 
pyl (meth)acrylate, and the like. 

Formation of the isocyanate-tenninated urethane 
prepolymers and vinyl urethanes may be assisted by the 50 
use of catalysts known in the art assist polyurethane 
formation^ for example, tetiary amines and metal salts, 
eg., stannous octoate. It is important however, to uti- 
lize a catalyst which results in the ultimate composition, 
both cured and uncured, having no more than 10% 55 
observable cell lysis toward the selected cells, e.g., 
L929 mouse fibroblast cells, which have been cultured 
in 5% bovine serum solution in a MEM as outlmed 
above and as illustrated more fully in the examples 
hereinafter. One catalyst that generally is to be avoided 60 
is dibutyl tin dilaurate. 

Vinyl urethanes are well known in the art and are 
described for example, in U.S. Pat Nos. 3,629,187 to 
Watter, 3,759,809 to CarUck et al 3,709,866 to Waller 
and 4,459,193 to Ratcliffe et al, all of these patents being 65 
incorporated herein by reference. Not all of these 
known vinyl urethanes are suitable for use in the present 
invention, however, at least in part because the catalyst 



wherein K\ and R3, independently, are H, alkyl or sub- 
stituted alkyl; R2 and R4, independently, are alkylene, 
subs tuted alkylene, cycloalkylene, substituted cycloal- 
kylene, arylene or substituted arylene; and, R3 is alkyl- 
ene, substituted alkylene, cycloalkylene. substituted 
cycloalkylene, arylene, substituted arylene, heterocy- 
clic, substituted heterocyclic, the reaction product of an 
organic diisocyanate or an isocyanate terminated pre- 
polymer and a compound having hydroxyl functional- 
ity, or the reaction product of a polyol or a hydroxyl 
terminated prepolymer and a compound having iso- 
cyanto functionality. 

In a more preferred embodiment, Ri and R3, indepen- 
dently, are H or Ci-C* alkyl; R2 and R4, independently, 
are Ci-Q alkylene; and R3 is Ci-Ce alkylene, C2-C12 
substituted alkylene, the reaction product of an organic 
diisocyanate or polyisocyanate with an alkanol or po- 
lyalkanol. In a still more preferred embodiment, Ri and 
R5, arc H or — CH3; R2 and R4 are 

— CH— CH2— , 
I 

CHj 

— CH2— CH2— CH2— , or — CH2— CH2— ; and R3 is 

-CH2-C-CH2-CH2-CH-CH2— , 
R7 

where BU, R7 and R*, independentiy, are H or — CH3. 

Of course, the foregoing examples of polymerizable 
ethylenically unsaturated monomers and prepolymers 
are intended to be exemplary only, and other known 
polymerizable materials which satisfy the criteria out- 
lined above can be used in the compositions of this 
invention. 

The polymerizable materials exemplified above can 
be employed alone or in any mixture thereof. Among 
the above-mentioned polymerizable materials, mixtures 
of the urethane-(meth)acrylate and polyfunctional 
(meth)acrylates generally are preferred. 

As initiator systems that may be employed in the 
present invention there may be mentioned those systems 
of the room temperature cure type. Among such sys- 
tems, there may be mentioned the known amine-perox- 
ide and amine-peroxide-sulfinic acid salt types. Photo- 
initiator systems also may be used and these are used in 
preferred embodiments since they may be used to for- 
mulate curable compositions m a one package system. 

Suitable photoinitiators for the compositions of this 
invention include, but are not limited to the following: 
acyloins, acyloin derivatives, such as benzoin methyl 
ether, benzoin ethyl ether, desyl bromide, desyl chlo- 
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ride, desyl amine, and the like, ketones, such as benzo- opaque filler may be added in amounts up to about 99% 

phenone, acetophenane, cyclopentadione, benzii, cap- by weight of the composition, with amounts ranging 

rone, benzoin cyclobutadionc, and the like, substituted from about 3 to about 70% weight being preferred, and 

bcnzophenones, such as N,N'-dimethylamino benzo- amounts ranging from about 5 to about 30% by weight 

phenone, Michler's Ketone, and halogenated aceio- and 5 being more preferred. Normally, it is preferred that the 

benzophenones; polynuclear quinones, such as benzo- percentage by weight of calcium hydroxide to the per- 

quinone and anthraquinone; substituted polynuclear centageby weight of radiopaque filler be in the range of 

quinones, such as chloranthraquinone, chloronaph- from about 30-70% to 70-30%. In practice, excellent 

thoquinone, dichloronaphthoquinone, and so forth. results are attained when approximately equal parts by 

These systems generally also employ a small amount of 10 weight of each substance is used, particularly when the 

an accelerating agent, such as the amines, mercaptans calcium hydroxide and radiopaque filler are treated 

and their derivatives, amine oxides or the like. with a silane coupling agent such as gamma-metha- 

In the preferred embodiment of the invention, the cryloxypropyltrimethoxy silane, ganuna-aminopropyl- 

initiator system that is employed is one that is operative triethoxysilane and gamma-glycidoxypropyltrimethox- 

upon exposure to visible light, or near visible light, 15 ysilane. 

particularly that having a wavelength in the range of The compositions also may include other fillers, such 

from about 360 to 550 nm (nanometer). The radiation as colloidal silica, fused quartz, aluminum oxide, ce- 

may be generated by conventional lamps, e.g., quartz ramie and/or glass beads, calcium phosphates, espe- 

halogen, and may conveniently be directed onto the cially calciuni apatite, metal silicates and aluminosili- 

composition using fibre optics. One such system would 20 cates and the like, cither singly or in admixture, in place 

comprise an a-diketone photosensitizer and an organic of or in addition to the radiopaque filler, and further 

nitrogen compound, such as an amine, which is capable may include small quantities of other materials such as 

of reducing the photosensitizer when the photosensi- anti-oxidants and stabilizers provided that they do not 

tizer is in the excited state. A suitable a-diketone photo- substantially effect cure and, more importantly, toxic- 

sensitizer which is readily available is camphoroqui- 25 ity. The total amount of filler in the copositions may be 

none, and a suitable amine reducing agent is methyl as high as about 99% by weight, preferably as high as 

diethanol amine. Other suitable a-diketone photosensi- about 85% by weight, and more preferably as high as 

tizers and other suitable amine reducing agents for the about 60% by weight. In one aspect, the above fillers 

photosensitizers are disclosed, for example, in U.S. Pat. may be used in amounts ranging from about 45 to about 

Nos. 4,457,818 to Denyer et al, 4,089,763 to Dan et al 30 90% by weight. It is preferred that the filler, including 

and 4,071,424 to Dart et al, these patents being incorpo- the calcium hydroxide or calcium hydroxide former, be 

rated herein by reference. in the form of particles having an average diameter on 

The amoimt of initiator system to be used depends the order of from about 0.02 to about 20 p., 
largely upon its identity. When a visible light curing The amount of polymerizable monomer or prepoly- 
system is used, the amount of a-diketone to be used 35 mer material used in the compositions of the invention 
generally is from about 0.001 to about 10%, preferably may vary over relatively wide limits depending, at least 
from about 0.01 to about 5%, based on the polymeriz- in part, upon the intended use Generally speaking, how- 
able monomer or prepolymer in the composition, and ever, the polymerizable monomer or prepolymer is 
the amount of amine reducing agent is from about 0. 1 to present in amount ranging from about 1 to about 99.8%, 
about 5%, by weight based on the polymerizable mono- 40 and preferably from about 15 to about 95% by weight 
mer or prepolymer in the composition. Using amounts of the composition. Most preferably the polymerizable 
of a-diketone and amine in these ranges enables the monomer or prepolymer is present in amounts ranging 
compositions to be cured into hard, strong solids in from about 40 to about 70% by weight. In many pre- 
from about 5 to about 40 seconds. ferred aspects of the invention, the polymerizable mon- 

In yet another preferred aspect of the invention, the 45 omer or prepolymer is present in an amount of at least 

polymerizable compositions also include calcium hy- about 30% by weight. 

droxide or a calcium hydroxide former, such as calcium Mixing of the components of the present invention 
oxide. In this aspect, the compositions of the present may be accomplished by a variety of laiown techniques, 
invention are particularly well suited for dental apphca- For example, the powder components of the composi- 
tions since they stimulate the formation of secondary 50 tion may be blended separately from the liquid compo- 
dentin when they are polymerized in situ near or on nents and the separate powder and liquid blends may be 
actual exposures of livmg pulpal tissue. mixed at the time of use. Such separate blends may be 

The calcium hydroxide or calcium hydroxide former provided in the form of a kit composed of one or more 

should be added to the compositions in the form of a powder components and one or more liquid compo- 

fine powder, and should be present in an amount of 55 nents which may be mixed by a dentist when needed. In 

from about I to about 99, preferably from about 3 to an alternative procedure, the components, both powder 

about 70%, and more preferably from about 5 to about and liquid, may be blended prior to shipment and, de- 

30% based on the weight of the composition. pending upon the nature of the initiator system, may be 

The compositions also may include a sufficient packaged as single package or multiple package sys- 

amount of a powdered substance which is opaque to 60 terns. 

X-rays and which is inert to the calcium hydroxide and In one embodiment, the compositions may be pre- 

other components of the compositions so as to render th pared by first mixing the calcium hydroxide and radi- 

cured compositions radiopaque. One suitable X-ray opaque or other filler components, preferably together 

opaque substance is barium sulfete, but any other com- with a silane coupling agent, and then mixing the 

patible radiopaque substance such as barium or stron- 65 blended calcium hydroxide and radiopaque fillers to- 

tium oxide glasses may be used. Generally speakmg, gethcr with the polymerizable components. When a 

when a radiopaque filler is used in addition to calcium room temperature active initiator system of the perox- 

hydroxide or a calcium hydroxide former, the radi- ide-amine type, for example, is used, the peroxide and 
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amine portions thereof must be kept separate until im- vention is not destroyed under accelerated aging test 
mediately prior to use. Accordingly, the compositions when the composition is heated at 50* C. for 7 days, 
of this invention which use this type of initiator system The compositions of the present invention may be 
must be kept separate until immediately prior to use. applied to a prepared bone or tooth surface, including 
Accordingly, the compositions of this invention which 5 living pulpal tissue, by any suitable means generally 
use this type of initiator system must be prepared as known in the art, and then cured by exposure to appro- 
multiple package systems wherein the amine may be pnate radiation. 

mixed with a first portion of the polymerizable compo- As used herein the term "monomer or prepolymer" is 

nents and filler in a first package, and the peroxide may meant to define any monomer, dimer, tnmer, oligomer 

be mixed with a second portion of the filler and poly- 10 oradduct or prepolymer which can be polymerized into 

merizable components in a second package. While two a hardened mass. 

package systems have been used with success in den- While there are disclosed below but a Umited number 

tistry, it is preferable to use single package systems to of embodiments of the invention herein presented, it is 

avoid the need for accurately measuring the various possible to practice still other embodiments without 

components required to be dispensed from more than 15 departing from the inventive concept herein disclosed, 

one package at the time of use. The use of a one package It is desired therefore, that only such limitations be 

system also eliminates the need for mixing the various imposed on the appended claims as are stated therein, 

components at the time of use, thus avoiding the possi- Unless otherwise specified, all parts are given by 

bility of including air bubbles in the compositions, weight. 

which air bubbles tend to inhibit the rate of cure and 20 pvaa/Tpt n 

weaken the cured structure. EXAMPLE 1 

When a photosensitive initiator system is used which An adduct of hydroxypropyl methacrylate (HPMA) 

permits all of the components of the composition to be (Rocryl 410, a product of Rohm & Hass Co.) and tri- 

blended into a shelf stable, one package system, such as methyl hexamethylene diisocyanate (TMDI) (a product 

when an a-diketone and an amine are used, the sila- 25 ofVebaChemic AG) was prepared by reacting 40.76 g. 

nated, blended calcium hydroxide and radiopaque or of TMDI with 59.19 g. of HPMA in the presence of 

other filler is mixed together with the polymerizable 0.05 g. stannous octoate (Catalyst T-9, a product of M & 

components including the initiator system, stabilizers, T Chemical, Inc.). 

etc. This mixing may be accomplished, for example, in A silanated filler was prepared in a tumble mixer by 
a three-roU mill, ball mill, high shear disperser, or the 30 charging the following ingredients to the mixer while 
like, in accordance with known dispersion techniques. the mixing operation continued. 50 parts by weight of 
However, the polymerizable monomer or prepolymer, Ca(OH)2, 50 parts by weight BaS04, and 1 part by 
optionally together with copolymerizable monomers, weight of silane y-methacryloxypropyltrimethoxy si- 
conveniently may be diluted with a suitable non-reac- lane, Silane A- 174, a product of Union Carbide Corp.) 
tive or reactive diluent so as to reduce the viscosity, 35 with 100 parts by weight of i inch Borundum cubes, 
thus enabling adequate mixing of the fillers to be The tumbling was continued for 2 hours, whereafter the 
achieved more readily and to make the composition a Borundum cubes were separated from the silanated 
more flowable material for desired clinical handling filler by sieving through a number 10 screen. Approxi- 
characteristics. When mixing has been effected with the mately 37.72 g. of the silanated filler was yielded, 
use of a non-reactive diluent, the diluent should be re- 40 The HPMA was prepared for reaction with the 
moved e.g., by evaporation. TMDI by drying the HPMA with molecular sieves to 
When a photosensitive initiator system is used that less than 300 PPM water and charged into a dry. clean 
renders the composition sensitive to light in the 360 to reactor. 300 PPM of the methyl ether of hydoquinone 
550 nm visible or near visible range, that part of the (MEHQ) based on the weight of the HPMA was then 
preparation of the present composition in which photo- 45 charged into the reactor. Then 0.05 g. of stannous octo- 
sensitive catalyst is added should be carried out in the ate was charged into the reactor. The reactor was then 
substantial absence of light in that range. Most conve- equipped with a mixing shaft, thermometer, separatory 
nientiy the preparation can be carried out using light ftmnel for the TMDI addition, and an adapter with an 
outside that range, for example, under light emitted by air inlet tube extending down under the HPMA surface 
sodium vapor electric discharge lamps. In this manner, 50 with a reflux condenser on top of the adapter. The top 
shelf-stable single package compositions can be pre- outiet of the condenser was connected with a drying 
pared. tube containing anhydrous magnesium sulfate. The re- 
in order to further protect the present compositions actor was purged with dry air and purging was main- 
from partial curing in daylight, in one preferred em- tained coiistantly through all the reaction time. The 
bodiment it is envisaged that the compositions can be 55 HPMA was heated in the reactor to about 50' C.±3' C. 
dispensed from containers which are opaque to actinic under constant mixing and dry air purging, 
light Then began the charging of 40.76 g. of the TMDI 
r The compositions of the present invention are gd- into the dry separatory funnel. The TMDI was charged 
free fluid systems at ambient temperatures, and the into the reactor at a rate that maintained the tempera- 
viscosity and consistency of the compositions may be 60 ture of the reaction at 50' C.±3'* C. When the tempera- 
controlled by adjusting the mixture of the polymcriz- ture increased, heat was removed and a cooling water 
able components, calcium hydroxide and/or fillers. bath was used to adjust the temperature. After comple- 
Light free ambient self sterility is an important atrib- tion of the TMDI addition, the mixture was maintained 
ute of the preferred embodiment of the present inven- at about 50° C.±5* C. for about 16 hours with constant 
tion. It is particularly a problem to attain shelf stability 65 mixing and dry air purging. Then the heat was turned 
with single package calcium hydroxide containing com- up and the temperature raised to about 70* C. ±2* C, 
position of the type of the present invention. This use- with constant mixing and dry air purging. Mixing was 
fulness of the preferred composition of the present in- continued for about 8 more hours. 
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A sample taken For % NCO analysis showed less than 
0.01% residual NCO. The product was then discharged 
at 70* C» and a sample was taken for viscosity testing. A 
viscosity of about 18,000 cps at 25* C. was noted. 

56.57 g. of the HPMA-TMDI adduct prepared above 5 
was charged to a Ross mixer pot and the following 
materials were then added in the order given while the 
mixer was in operation and mixing was continued for 30 
minutes. 5 g. of triethylene glycol dimethacrylate 
(TEGDMA), 0.311 g. of butylated hydroxy toluene 10 
(BHT), 0.3 1 1 g. of methyldiethanol amine (MDEA) and 
0.092 g. of camphoroquinone (CQ.)- 

Next, one half of the silanated filler previously pre- 
pared was charged to the Ross mixing pot and mixed 
until wet. Then the remaining filler was added and the IS 
components were mixed thoroughly until wet. The mix 
was then scraped from the sides of the pot and the mixer 
blades and then mixing was undertaken for an additional 
10 minutes. After this the mix was removed from the 
pot and rolled through a three roll mill to complete the 20 
formation of a shelf-stable, uncured, calcium hydroxide 
containing polymerizable composition that can be cured 
by exposure to visible light, for example, from a Prisma- 
Lite ® light curing unit (sold by L. D. Caulk Division 
of Dentsply International, Inc.) for a period of from 25 
about 5 to about 40 seconds to yield a hardened mass 
havmg a compressive strength on the order of about 
12,000 to 15,000 psi. 



12 



30 



EXAMPLE 2 

Example 1 was repeated except that 0.05 g. of dibutyl 
tin dilaurate was substituted for the stannous octoate. 

EXAMPLE 3 

Example 1 was repeated except the 1.0 g. of dibutyl 35 
tin dilaurate (DBTDL) was substituted for the stannous 
octoate. - 

EXAMPLE 4 

Example 1 was repeated except that the HPMA- 40 
TMDI adduct was replaced by 56.57 g. of a 50:50 mix- 
ture of triethylene glycol dimethacrylate (TEGDMA) 
and the reaction product of 1.08 equivalents of bis- 



phenol- A glycidyl methacrylate (Bis-GMA) and 1.00 
equivalents of hexamethylene diisocyanate (HMDI). 
The composition of this example when exposed to visi- 
ble light from a Prisma-Lite® light curing unit for 
about 10-30 seconds and on testing (as set forth in Ex- 
ample 6) was foimd to be toxic and generally not within 
the scope of this invention. The test results are shown in 
Table 1. 

EXAMPLE 5 

Example 1 was repeated except that the HPMA- 
TMDI adduct was replaced by an equal amount of 
Bis-GMA. The composition of this example was tested 
as set forth in Example 6, and the test results are shown 
in Table 1. 

EXAMPLE 6 

Samples of the ciu-ablc calcium hydroxide containing 
compositions of Examples 1-5 were tested for cytotox- 
icity both in the cured and uncured state. A sample of 
calcium hydroxide powder also was tested. The tests 
were made by a tissue culture method utilizing mono- 
layers of strain L929 mouse fibroblast cells in a growth 
medium consisting of 5% bovine serum solution in a 
Minimum Essential Medium (MEM). For each test, a 
specified mass of cured or uncured calcium hydroxide 
containing composition (sample) was extracted with 10 
ml of a 5% bovine serum solution in MEM for 24 hrs. at 
37* ±2" C. A negative control for each sample tested 
was made by using a similar 10 ml, 5% bovine serum 
that was heated for 24 hrs. at 37' ±2' C. without contact 
with the sample. A positive control also was made in 
which 10 mL of a 5% bovine serum solution in MEM 
was used to extract 0.47 g. of black rubber for 24 hrs. at 
volume of the sample MEM extract to a monolayer of 
L929 mouse fibroblast cells, while adding 5 ml. volumes 
of the negative control solution and the positive control 
solution to separate monolayers of L929 mouse fibro- 
blast cells. The cells were then incubated at 37* ±2* C. 
for 72 ±4 hours. Cells were observed at 24, 48 and 72 
hours for cytotoxic manifestations. 

The results of the tests are set forth in Table I. 

TABLE I 



Tissue Cttlture MEM Elurion Test Results 



Lterial 
"ested 



(Exami 



le No.) 







24 hr* 


48 hr. 


72 hf 


Quantity 


Curing 


results 


results 


results 


Tested 


Tune 


(% Lyscd 


C% Lyscd 


(% Lyscd 


(Mg) 


(Seconds) 


or fixed) 


or fixed) 


or fixed) 


35 


10 


0 


0 


0 


35 


20 


0 


0 


0 


35 


30 


0 


0 


0 


5 


10 


0 


0 


0 


5 


20 


20 


70 




S 


30 


too 






35 


ID 


10-15 


60 




35 


20 


>80 






35 


30 


90 






50 


10 


50-60 






50 


20 


50-60 






50 


30 


90 






5 


to 


10-15 


10-15 


10-15 


5 


20 


0 


0 


0 


5 


30 


0 


0 


0 


35 


10 


100 






35 


20 


0* 


70-80 




35 


30 


80 






SO 


10 


100 






SO 


20 


100 






50 


30 


100 






35 


to 


100° 






35 


20 


20-30 


40 


40-50 
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TABLE I<ontinued 



Tissue Culture MEM Elation Test Results 









24 hr* 


48 hr. 


72 hr" 


Materia] 


Quantity 


Curing 


results 


results 


results 


Tested 


Tested 


Tune 


{% Lysed 


(% Lysed 


(% Lysed 


(Example No.) 


(Mg) 


(Seconds) 


or fixed) 


or fixed) 


or fixed) 


4 


35 


30 


0 


oi^ 


. 0* 


5 


35 


10 


0 


10-15 


20-25 


3 


35 


20 


0 


0* 


0* 


5 


35 


30 


0 


0* 


0* 


1; uncured 


35 


0 


0 


0* 


0* 


1; HPMA-TMDI 


20 


0 


0 


0 


0 


adduct only; 


15 


0 


0 


0 


0 


uncured 












2; HPMA-TMDI 


29 


0 


ioo« 






Adduct only; 


20 


0 








uncured 


3 


0 


100° 






3; HPMA-TMDI 


25 


0 


100 






Adduct only; 


2 


0 


100 






uncured 












Calcium 


25 


0 


100"* 






Hydroxide 













^Positive Control • toxic (>S0% Lytit) in 24 hours for each test. 
''Negative Control • nontow (no Lyttt) in 72 hours for each test. 
***AI1 cells dead after 3 hours after extract placed on cells. 
"Severe reactioa, cells fixed. 

dwelling of cells noted, no lysis. Slight intennedtste response. 



The results of Table I indicate that compositions in 25 
which dibutyl tin dilaurate was used as the catalyst 
were generally toxic after 24 hours, when cured, when 
samples over 5 mg. were tested. Uncured adduct, pre- 
pared using (DBTDL) was toxic after 24 hours, when 
samples as small as 2 mg. were tested. Accordingly, 30 
these compositions do not fall within the scope of the 
present invention. 

The following procedure ws carried out to further 
confirm the toxicity, non-toxicity parameters of the 
invention. 35 

EXAMPLE? 

A filler-free polymerizable composition was prepared 
by charging 33.11 parts of metlxylene-bis-(4-cyclohexyl 
isocyanate) (MBCQ into a reactor which has been dried 40 
and purged with dry air. Then 0.05 parts by weight of 
stannous octoate (S.0.743 ) and 41.07 parts of polytetra- 
methylcne ether glycol (Tcracol 650, a product of E. I. 
du Pont Company), were added to the reactor. The 
Teraool 650, which was dried to a water content of less 4S 
than about 200 PPM, was charged to the reactor by 
means of a separatory funnel under thorough mixing 
and constant dry air purging. The temperature in the 
reactor tended to rise gradually due to the exothermic 
reaction between the MBCI and Teraool 650, and was 50 
maintained at about 50* C.±3* C. during the addition of 
the glycol (Teracol 650) by means of a cooling water 
bath. After completion of the addition of the glycol, the 
mixture was heated and the temperature raised to about 
75° C.±5* C. The mixture was maintained at this tem- 55 
perature with constant mixing and dry air purging for 
about 3 hours. 

Then began the gradual charging of 25.78 parts of 
hydroxypropyl methacrylate (HPMA) into the reactor, 
while the mixture was maintained at about 80" C.±5' C. 60 
with constant mixing and dry air purging for about 3 
hours. 

A sample taken for % NCO analysis indicated that 
the residual NCO content was less than 0.01%. 

The polymerizable adduct prepared above was sub- 65 
jectcd to the tissue culture MEM test in accordance 
with the procedure outlined in Example 6 and the re- 
sults of the test arc shown in Table n. Due to a proce- 



dural error, initial test results (Run 1) were defective 
and the test was repeated (Run 2). 

EXAMPLES 

The procedure of Example 7 was repeated, except 
that the reaction product, before being subjected to the 
tissue culture MEM test, was charged to a Ross mixer 
pot and 0.311 parts of BHT, 0.311 parts of MDEA and 
0.092 parts of C.Q, were added in the order given while 
the mixer was in operation and mixing was continued 
for 30 minutes. The composition of this example was 
cured when exposed to visible light for about 1-30 
seconds and on testing for toxicity in accordance with 
the procedure with the procedure of Example 6 was 
found to be non-toxic. The results of the testing is 
shown in Table IL 

EXAMPLE 9 

The procedure of Example 7 was repeated, except 
that 1 part of dibutyl tin dilaurate (DBTDL) was used in 
place of the S.O. The results of the tissue ciilture MEM 
test are shown in Table 11. 

EXAMPLE 9A 

The procedure of Example 8 was repeated, except 
that 1 part of dibutyl tin dilaurate (DBTDL) was used in 
place of the S.O. The results of the tissue culture MEM 
test are shown in Table IL 

EXAMPLES 10-15 

A polymerizable dental composite was prepared by 
mixing 20 parts of the polymerizable HPMA-TMDI 
adduct of Example 1 with 80 parts of Raysorb T3000 
(barium alumino silicate glass). The resulting composite 
materials, both cured (Example 1 1) and uncured (Exam- 
ple 10), were found to be non-toxic when tested in ac- 
cordance with the tissue culture MEM test set forth in 
Example 6. The results of the tests are shown in Table 
II. Additional composites were prepared using 30 parts 
of the polymerizable HMPA-TMDI adduct of Example 
1 and 70 parts of Cervit TIOOO (lithium alumino silicate 
glass) (Example 12, uncured and Example 13, cured) 
and of 28 parts of polymerizable HPMA-TMDI adduct 
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of Example 1 and 72 parts fused quartz (Example 14, 
uncured; and Example 15, cured). These composite 
materials also were found to be non-toxic and the tissue 
culture MEM tests results for these composite materials 
are shown in Table IL 

EXAMPLES 16-18 

A two part dental cement was prepared using the 
polymerizable HPMA-TMDI adduct of Example 1 as 
the resin-forming binder portion. The "catalyst" por- 
tion of the cement (Example 16) comprised the follow- 
ing formulation: 



HPMA-TMDI 


17.62 pans 


BHT 


.02 parts 


benzoyl peroxide (BPO) 


.44 parts 


milled Raysorb T3000 


30.05 parts 


silica (AerosU R.972) 


1.15 parts 


The **base" portion of the cement (Example 17) had 


the following formulation: 




HPMA-TMDI 


18.42 parts 


BHT 


.003 parts 


dihydroxyetfayl-p-toloidine (DHEFT) 


.095 parts 


milled Raysorb TSOOO 


3a0S parts 


silica (AerosU R-973) 


I.IS parts 



15 



25 



30 



The admixture of equal parts of •'catalyst" and "base" 
(Example 18) cured to a hardened mass in about 5 min- 
utes. The tissue culture MEM toxity test results (shown 
in Table II) indicate that the uncured "catalyst", un- 
cured **base" and cured "catalyst" plus "base" were 
non-toxic. 

EXAMPLES 19-21 

(Commercially Available Composite Material) 4q 

A commercially available dental composite material, 
sold under the name Adaptic (a product of Johnson & 
Johnson Dental Products Company) was prepared in 
accordance with the manufacturer's instructions. The 
"base" portion of the composite (Example 19) is be- 
Ueved to comprise BIS-GMA, TEGDMA, DHEPT 
and milled quartz, whereas the "catalyst* * portion (Ex- 
ample 20) is believed to comprise BIS-GMA, 
TEGDMA, BPO and milled quartz. Both the uncured jq 
"catalyst" and the uncured "base" were found to be 
toxic (100 cells lysed) after 48 hours, whereas the cured 
admixture of equal parts of **base" and "catalyst" (Ex- 
ample 21) was found to exhibit an "intermediate re- 
sponse" (10-50% lysed cells) after 72 hours. The results 53 
of the tissue culture MEM tests are shown in Table II. 

EXAMPLES 22-24 

(Commercially Available Composite Material) 

Examples 19-21 were repeated using another com- ^ 
mercially available composite material, sold under the 
name Silar (a product of Dental Products/3M). The 
uncured "catalyst" (Example 22). the uncured "base" 
(Example 23) and the cured admixture of equal parts of 65 
"base" and "catalyst" (Example 24) all were found to be 
toxic. The results of the tissue culture MEM tests are 
shown in Table II. 
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EXAMPLES 25-26 

(Commercially Available Composite Material) 

A commercially available one part Ught cure com- 
posite material, sold under the name Silux (a product of 
Dental Products/3M), was prepared in accordance 
with the manufacturer's instructions and tested for tox- 
icity in accordance with the procedure outlined in Ex- 
ample 6. Both the uncured material (Example 25) and 
the cured material (Example 26) were found to be toxic. 
The toxicity results are shown m Table II. 

EXAMPLES 27-28 

(Commercially Available Composite Material) 

A commercially available composite material, sold 
under the name Visio-Dispers (a product of Espe Fab- 
rick Phannazeutischer Preparate GmbH), was prepared 
according to the manufacturer's instructions and was 
tested for toxicity in accordance with the procedure of 
Example 6. The uncured material (Example 27) was 
found to exhibit a intermediate toxicity response (20% 
cells lysed) after 72 hours, whereas th cured material 
(Example 28) was found to be non-toxic after 72 hours. 
The test results are shown in Table IL The toxicity of 
the uncured material renders this composite material 
generally unsuitable for the purposes of this invention. 

EXAMPLES 29-31 

The silanated fillers used in the composites of Exam- 
ples 5, 12, and 14 respectively, were tested for cytotox- 
icity in accordance with the procedure of Example 6. 
The test results, which are shown in Table II. indicate 
that the fillers themselves are non-toxic. 

EXAMPLES 32-33 

A polymerizable composite material was prepared by 
mixing 20 parts of the polymerizable composition of 
Example 9 (using DBTDL as the catalyst) and 80 parts 
of Raysorb T3000. The composite material, which was 
tested for cytotoxicity in accordance with the proce- 
dure of Example 6, was found to be toxic both in the 
cured (Example 32) and uncured (Example 33) state. 
The results of the toxicity tests are shown in Table 11. 

EXAMPLES 34-36 

A three part dental restorative material was prepared 
according to UK patent 2.094,326A. The composition 
of each part is as follows: 



Pan I powder blend: (Example 34) 




Milled, silanated, quaitz 


98.60% 


Benzoyl peroxide (78%) 


1.28% 


Aerosil 200 (fumed silica) 


a099% 


Yellow Iron Oxide 


0.020% 


Part II powden 




Calcium Hydroxide (U.S.P.) 


100% 


Pan in Liquid Composition: (Example 35) 




BIS-OMA 


56.00% 


HEMA 


15.00% 


EDMA (ethylene glycol dimethacrylaie) 


28.00% 


Methacrylic acid 


0.50% 


Methoxy phenol (MEHC3) 


ao6% 


DHEPT (dihydroxycthyl paratohridine) 


a5o% 



An equal volume of Part I powder blend and Part II 
powder blend were mixed with 5 drops of Pan III 
liquid, and the mixture cured to a solid mass. The ap- 
proximate weight ratio of the above three components 
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was 19:19:62. The cured solid mass (Example 36), the 
Part I powder blend (Example 34), and the Part III 
liquid (Example 35) were tested for cytotoxicity in ac- 
cordance widi procedure of Example 6 and, as indi- 
cated in Table II, the liquid was found to be toxic after 
24 hours, while the Part I powder blend was found to be 
non-toxic. The cured composition also was found to be 
non-toxic, although some cell swelling was noted. 



adduct of Example 1 were non-toxic after 72 hours, 
whereas composites made with the DBTDL-catalyst 
materials of 

Example 9 showed toxic results (Examples 32-33). 
The test results of Examples 29-31 show that the glass 
fillers used in the various composite formulations are 
themselves non-toxic. The test results of Examples 
20-28 indicate that all of the commercially available 



TABLE 11 


Material 






24 hr. 


48 hr. 


72 hr. 


Tested 


(Quantity 


Curing 


Results 


Results 


Results 


(Example No.) 


tested (mg) 


time 
(sec) 


(9& Lysis) 


{% Lysis) 


(% Lysis) 


7 (Run I) 




0 


100 








Oft 


U 


0 


0 


30 




IS 


0 


20 


100* 




7 (Run 2) 


25 


0 


nb 

0° 


30-40 


80 






0 


Ir 


40 


85 




IS 


0 


nb 


5 


5 


8 


35 


20 


0 


0 


0 




35 


30 


0 


0 


0 


9 


25 


0 


100 


~— 


— 




20 


0 


1(X) 








15 


0 


100 


~~ 




9A 


35 


20 


100 








35 


30 


100 






10 


250 


0 


0 


0 


0 




ISO 


0 


0 


0 


0 


U 


250 


40 


0 


0 


0 




150 


40 


0 


0 


0 


12 


200 


0 


0 


0 






too 


0 


0 


0 


0 


13 


200 


40 


0 


0 


0 




100 


40 


0 


0 


0 


14 


200 


0 


0 


0 


0 




100 


0 


0 


0 


0 


IS 


200 


40 


0 


0 


0 




inn 


An 


U 


A 

u 


0 


16 


200 


0 


0 


0 


0 


17 


200 


0 


0 


0 


0 


18 


200 


5 mia. 


0 


0 


0* 


19 


too 


0 


40 


100 




20 . 


100 


0 


35 


100 




21 


200 


5 mia. 


30 


10 


20 


22 


• 100 


0 


100 






23 


100 


0 


100 






24 


200 


5 min. 


100 






23 


200 


0 


100 






26 


200 


40 


70 






27 


200 


0 


0 


5 


20 


28 


200 


40 


0 


0 


0 


29 


200 


0 


0 


0 


0 


30 


200 


0 


0 


0 


0 


31 


200 


0 


0 


0 


0 


32 


250 


40 


€0-70 


100 






150 


40 


5-10 


3-10 


50 


33 


230 


0 


100 








ISO 


0 


100 






34 


200 




0 


0 


0 


35 


15 




100 






36 


35 




0* 


0* 


0 



^Severe reaction, celb fixed. 

dwelling of cclb qotcd. so lysis. Slight iatennediate response. 



SUMMARY OF TABLE H 



From the above Table n it can be seen that the un- 
cured polymerizable composition of Example 7 (made 
using stannous octoate as the catalyst) is non-toxic after 
72 hours using a test sample of IS mg, and that when 60 
cured (Example 8) the composition is non-toxic using a 
35 mg. test sample. On the contrary, the compositions of 
Examples 9 and 9A (the same compositions as Examples 
7 & 8, respectively, except that DBTDL was used as the 
catalyst in place of S.O.) are toxic within 24 hours. In 65 
addition, it can be seen that polymerizable composite 
materials (Examples 10-15) and cenients (Examples 
16-18) made with the polymerizable HMPA-TMDI 



composite materials that were tested were found to be 
toxic, when uncured, within 72 hours. 

Since the in vitro cell culture MEM test for cytotox- 
icity involves the incubation of cells in contaa with 
toxins extracted from a test sample, it is quite possible to 
test a very small sample of a highly toxic material and 
observe only minimal cytotoxic effects (lysis). As a 
corollary, it is quite possible to test a very large sample 
of a relatively non-toxic material and observe a fairly 
high degree of cytotoxicity. Accordingly, for purposes 
of determining whether or not a polymerizable system 
is non-toxic and therefore within the scope of the pres- 
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ent invention, the cell culture MEM test is to be per- 
formed using a sample size of 15 mg., 35 mg. or 200 mg., 
depending upon the relative amounts of "polymerizable 
material" and **calcium hydroxide plus filler" in the 
sample to be tested, and upon whether the sample is 
cured or uncured. The actual size of the test sample that 
should be used can be determined by referring to Table 
III, wherein the term "polymerizable material" includes 
all of the monomeric and prepolymeric materials, to- 
gether with the initiator system, stabilizers, anti-oxi- 
dants, etc., and up to about 1% by weight of calcium 
hydroxide, calcium hydroxide former and fillers, com- 
bined. The term "calcium hydroxide plus filler" in- 
cludes the combined amount of calcium hydroxide, 
calcium hydroxide former and filler. 

TABLE III 



20 

TABLE IV<ontinued 



PASS OR FAIL CYTOTOXICITY TEST 



Composition of Sample 
% by weight 



Test Sample Size, Me* 



Cured 



Uncured 



"Polymeciz&ble 


40-99 


35 


35 


Material" 








"Ca(OH)2 + mier" 


60-1 






"Polymerizable 


0-39.9 


200 


200 


Material" 








•*Ca(0H)2 + nUer" 


100-60,1 






"Polymerizabte 


100 


35 


IS 


Material" 









10 



15 



20 



25 



*fof plural package self-cure systems, test " 



"catalyst" ood mixture scpaiateiy. 



If sample sizes are used which are larger than those 
indicated in Table III, and non-toxic results are ob- 30 
served, the sample still can be deemed to be within the 
scope of the invention. If, however, larger size samples 
are observed to be toxic, the test is not conclusive and 
should be run again using sample of the size indicated in 
Table m. If sample sizes are used which are smaller 35 
than those stated above and toxic results are observed, 
the sample is outside the scope of the invention. 

In order for a sample of the size indicated in Table III 
to be deemed non-toxic for the purpose of this inven- 
tion, the % cell lysed or fixation after 72 hours must be 40 
less than 10%, and preferably should be zero. In pre- 
ferred aspects of the invention, a 15 mg. sample of un- 
cured, unfilled monomer or prepolymer would show no 
cell lyses after 72 hours, and in an even more preferred 
aspect, a 35 mg. sample of uncured, unfilled monomer 45 
or prepolymer would show less than 10% cell lyses 
after 72 hours. Cured samples always should show no 
observable lyses after 72 hours. In accordance with the 
foregoing test procedure requirements, it will be seen 
that certain of the compositions of Examples 1-36 pass 50 
the cytotoxicity test and, thus, are within the scope of 
the invention, while others fail the test and are outside 
the scope of the invention. The pass/fail results of the 
compositions of Examples 1-36, which were tested 
using an appropriate sample size, are set forth m Table 55 
IV. 

TABLE rV 



Nffltcrifll 


SfliDple 






Pass (P) 


Tested 


Size 


Curutg Time 


72 nr results 


or 


(ample No. 


(nig.) 


(sec.) 


{% lyses) 


Fail (F) 


9 


25 


0 


100 


F 




20 


0 


100 


F 




15 


0 


100 


F 


10 


250 


0 


0 


P 


12 


200 


0 


0* 


P 


14 


200 


0 


0 


P 


16 


200 


0 


0 


P 


17 


200 


0 


0 


P 


18 


200 


0 


0 


P 


19 


100 


0 


100 


F 


20 


100 


0 


100 


F 


22 


100 


0 


100 


F 


23 


100 


0 


100 


F 


23 


200 


0 


100 


F 


27 


200 


0 


20 


F 


30 


200 


0 


0 


P 


31 


200 


0 


0 


P 


33 


250 


0 


100 


F 




150 


0 


100 


F 


11 


250 


40 


0 


P 


13 


200 


40 


0 


P 


IS 


200 


40 


0 


P 


21 


200 


5 min. 


20 


F 


24 


200 


5 min. 


100 


F 


26 


200 


40 


70 


F 


2g 


200 


40 


0 


P 


32 


250 


40 


too 


F 




150 


40 


30 


F 


34 


200 


0 


0 


P 


35 


15 




100 


F 


36 


35 






P 



PASS OR FAIL CYTOTOXICITY TEST 



Material 


Sample 






Pass (P) 


Tested 


Size 


Curing Tmie 


72 hr results 


or 


Example No. 


(mg-) 


(sec) 


(% lyses) 


Faa(F) 


1 


20 


0 


0 


P 




15 


0 


0 


P 


2 


29 


0 


100" 


F 




20 


0 


100" 


F 




3 


0 


100" 


F 


3 


25 


0 


100 


F 




2 


0 


100 


F 


7 


15 


0 


5 


P 



60 



65 



It will be evident that those materials in Table IV 
which fail the cytotoxicity test are outside the scope of 
the invention claimed herein. 

EXAMPLE 37 

Histological Response In Primates 

The histological response of pulpal tissue toward the 
visible light cure composition of Example 1 was deter- 
mined by means of tests performed on eighty four Class 
V cavity preparations cut in incisors, premolars and 
molars of three Cynomolgus Fascicularis. The majority 
of the cavity preparations were such as to require pulp 
protection against chemical insult, or stimulation to 
form secondary dentin. Half of the teeth were prepared 
such that the remaining dentin thickness was + 1 nrni. 
The other half of the teeth were prepared until an expo- 
sure, as evidenced by the presence of blood, was accom- 
plished. The prepared teeth were filled with the calcium 
hydroxide containing composition and cured by expo- 
sure from a Prisma-Lite ® light curing unit for 20 sec- 
onds. One animal was sacrificed after 4 days, the other 
two after 67 days. After jaw dissection, the apices were 
removed at J height, to allow better fixation in 10% 
neutral buffered formalin. The specimens were further 
processed for routine histological evaluation. Pulpal 
exposed or non-exposed teeth. Responses of 0.5-1.0 
occurred in four of 18 exposed samples; a response of 
zero indicating no inflammation, and a response of 1 
indicating mild irritation. (See page 1512 of H. R. Stan- 
ley et al., Compatibility of Various Materials with Oral 
Tissues II: Pulp Response to Composite Ingredients, J. 
Dent Res.. 58(5), pp. 1507-1517 (May, 1979). No chem- 
ical mummification was seen. On recut 67 day speci- 
mens, 19 were found to have pulp exposures. Of these 
19 exposures, 11 specimens were found to exhibit excel- 
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lent bridge formation due to stimulation of secondary or prepoiymer component, as well as said composi- 
dentin over the exposures and 6 specimens were found tion, being substantially non-toxic toward said 
to exhibit good bridge formation due to secondary den- pulpal tissue, both before and after said composi- 
tin over the exposures. The inflammatory reactions that tion is polymerized, said non-toxicity being observ- 
were noted were related to emboli of the visible light 5 able by in vitro cell culture bicompatibility testing 
curing calcium hydroxide containing composition, or utilizing monolayers ofmouse fibroblast cells (1929 
impaction of the composition's particles. The results of or equivalent) in a growth medium consisting of 
the tests indicated that the composition of Example 1 5% bovine serum solution in Minium Essential 
met the acceptable histological requirements in pri- Medium (MEM) or by in vivo histological re- 
mates. 10 sponse testing using prepared teeth of a primate; 

The visible light curable dental materials of the pres- and polymerizing said composition in situ, 
ent invendpn in a preferred form are comprised of cal- 2, The method of claim 1, wherein said polymerizable 
cium hydroxide and barium sulfate fillers dispersed in a composition comprises at least one polymerizable ethyl- 
non-toxic polymerizable monomer or prepoiymer along enically unsaturated monomer or prepoiymer, and a 
with a small quantity of initiator and accelerator. When 15 catalyticaily effective amount of a free radical initiator 
exposed to the visible light delivered by a Prisma- system; and wherein said composition is polymerized in 
Lite®, a product of Dentsply International Inc., for situ by free radical initiation. 

10-20 seconds, the preferred products of this example 3. The method of claim 2, wherein said free radical 

cure to a depth of 1 mm thick to show a desirable basic- initiator system comprising a photoinitiator system, 

ity of about pH 10. The physical properties of the cured 20 4. The method of claim 3 wherein said photoinitiator 

materials are superior to any c^cium hydroxide con- system is operative in response to exposure to visible 

taining cavity liners known until this time, and both the light. 

uncured and cured materials are biologically compati- 5. The method of claim 2, wherein said polymerizable 

ble. In vitro tissue culture MEM cytotoxicity tests, composition coinprises from about 45 to about 90% by 

acute stystemic toxicity, Ames, Muscle implantation 25 weight of filler selected from the group consisting of 

tests, and in vivo Cynomolgus Fascicularis (primate) tests colloidal silica, fused quartz, aluminum oxide, ceramic 

all show that the present materials are non-toxic and beads, glass beads, calcium phosphates, metal silicates 

assist reparative dentin formation. The low water solu- and aluminosilicates and mixtures thereof 

bility and high acid resistance of the cured material 6. The method of claim 4, wherein said photoinitiator 

permits retention of the cured material's physical prop- 30 system comprises an a-diketone and a reducing agent 

erties such as compressive strength. The improved which is capable of reducing said a-diketone when the 

novel materials may be made radiopaque for dental latter is in an excited state. 

diagnostic purposes and are compatible with all stan- 7. The method of claim 2, wherein said free radical 

dard dental restorative materials. initiator system comprises a photoinitiator system oper- 

It should be understood that the present invention is 35 ative in response to exposure to visible light, 

intended to provide tissue compatible materials espe- S.Themethodof claim 7, wherein said polymerizable 

cially useful in dentistry that are not only non-toxic in composition comprises from about 45 to about 90% by 

their cured state but also in their uncured and curing weight of filler selected from the group consisting of 

states. The uncured material may be in prolonged colloidal silica, fused quartz, aluminum oxide, ceramic 

contact with tissue as uncured material either because of 40 beads, glass beads, calcium phosphates, metal silicates 

spillage or because of failure of completion of the curing and aluminosilicates and mixtures thereof 

process. In addition, the curing procedure itself can 9. The method of claim 7, wherein said photoinitiator 

cause toxicity, for example, by creation of mtermediate system comprises an a-diketone, and a reducing agent 

highly toxic materials. It is a preliminary belief that the which is capable of reducing said a-diketone when the 

polymeric system of the present invention without cal- 45 latter is in an excited state. 

cium hydroxide may stimulate the formation of second- 10. The method of claim 7, wherein said free radical 

ary dentin or provide permanent non-toxic, friendly initiator system comprises a photoinitiator system oper- 

protection to the dentin regardless of secondary dentin ative upon exposure to light having a wavelength in the 

formation. range of from about 360 to about 550 nm. 

It should be apparent that the foregoing description 50 11. The method of claim 7, wherein said free radical 

and examples illustrate preferred embodiments of the initiator system comprising from about 0.01 to about 

invention and that the concepts employed may, based 5% by weight of a-diketone and from about 0. 1 to about 

upon such description and examples, be employed in 5% by weight of amine, and wherein said composition 

other embodiments without departing from the scope of is in the form of a shelf-stable one package system prior 

the invention. Accordingly, the following claims are 55 to use. 

intended to protect the invention broadly, as well as in 12. The method of claim 11, further comprising radi- 

the specific forms set forth herein. opaque filler in an amount suf&cient to render said com- 

What is claimed is: position radiopaque. 

1. A method of treating Uvmg pulpal tissue compris- 13. The method of claim 2, wherein said at least one 

ing the steps of: 60 polymerizable ethylenically unsaturated monomer or 

contacting living palpal tissue with a polymerizable prepoiymer comprises at least one polymerizable vinyl 

composition that is polymerizable in situ by a urethane derived from a member selected from the 

mechanism other than chelation or saponification, group consisting of adducts of organic diisocyanates or 

said composition comprising at least one polymer- isocyanate-terminated urethane prepolymers and an 

izable monomer or prepoiymer component, a cur- 65 ethylenically unsaturated compound having hydroxyl 

ing component for said polymerizable monomer or functionality and adducts of hydroxyl terminated pre- 

prepolymer component, and calcium hydroxide or polymers or organic polyols and an ethylenically unsat- 

calcium oxide or mixtures thereof, said monomer urated compound having isocyanato fimctionality. 
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14. The method of claim 13, wherein said ethyleni- wherein Ri and Rs, independently, are H, alkyl or sub- 
cally unsaturated compound havmg hydroxy! function- stituted alkyl; R2 and R4, independendy, are alkylene, 
ality is a member selected from the group consisting of substituted alkylene, cycloalkylene, substituted cycloal- 
esters of acrylic or methacrylic acid and a hydroxy kylene, arylene, or substituted arylene; and R3 is alkyl- 
alkanol of at least two carbon atoms. 5 ene. substituted alkylene, cycloalkylene, substituted 

15. The method of claim 13, wherein said polymeriz- cycloalkylene, arylene. substituted arylene, heterocy- 
able vinyl urethane prepolymer is selected from the clic, substituted heterocyclic, the reaction product of an 
group consisting of prepolymers derived from hexa- organic diisocyanate or an isocyanate terminated pre- 
methylene diisocyanate and hydroxypropyl (meth)acry- polymer and a compound having hydroxyl functional- 
late, from trimcthyl hexamethylene diisocyanate and 10 ity, or the reaction product of a polyol or a hydroxyl 
hydroxypropyl (meth)acrylate, from the reaction prod- terminated prepolymer and a compound having 
uct of methylene-bis-(4-cyclohexyl isocyanate) and a isocyanato functionality. 

polytetramethylene ether glycol with hydroxypropyl 20. The method of claim 19. wherein Ri and R5, 

(meth)acrylate. and mixtures thereof. independently, are H or C1-C4 alkyl; R2 and R4, inde- 

16. The method of claim 7, wherein said at least one 15 pendently, are C\-Ce alkylene; and R3 is Ci-Ce alkyl- 
polymerizable ethylenically unsaturated monomer or ene, C2-C12 substituted alkylene, or the reaction prod- 
prepolymer comprises at least one polymerizable vinyl uct of an organic diisocyanate or polyisocyanate with 
urethane derived from a member selected from the an alkanol or polyalkanol. 

group consisting of organic diisocyanates or isocyanate- 21. The method of claim 13, wherem said at least one 

terminated urethane prepolymers and an ethylenically 20 polymerizable ethylenically unsaturated monomer or 

unsaturated compound having hydroxyl functionality prepolymer comprises a mixture of at least one poly- 

and adducts of hydroxy! terminated prepolymers or merizable vinyl urethane prepolymer and at least one 

organic polyols and an ethylenically unsaturated com- ester of acrylic acid or methacrylic acid, 

pound having isocyanato functionality. 22. The method of claim 21, wherein said at least one 

17. The method of claim 16, wherein said ethyleni- 25 ester of acrylic acid or methacrylic acid is a member 
cally unsaturated compound having hydroxyl function- selected from the group consisting of a diacrylate, a 
ality is a member selected from the group consisting of dunethacrylate. a polyacrylate and a polymethacrylate, 
esters of acrylic or methacrylic acid and a hydroxy and mixtures thereof. 

alkanol of at least two carbon atoms, 23. The method of claim 22, wherein said at least one 

18. The method of claim 16, wherein said polymeriz- 30 ester of acrylic acid or methacrylic acid is triethylene 
able vinyl urethane prepolymer is selected from the glycol dimethacrylate. 

group consisting of prepolymers derived from hexa- 24. The method of claim 23, wherein said vinyl ure- 

methylene diisocyanate and hydroxypropyl (meth)acry- thane is selected from the group consisting of vinyl 

late, from trimethyl hexamethylene diisocyanate and urethanes derived from hexamethylene diisocyanate 

hydroxypropyl (meth)acrylate, from the reaction prod- 35 and hydroxypropyl methacrylate, from trimethyl hexa- 

uct of methylene-bis-(4-cydohexyl isocyanate) and a methylene diisocyanate and hydroxypropyl methacry- 

polytetramethyleue ether glycol with hydroxypropyl late, from the reaction product of methylene.bis-(4- 

(meth)acrylatc, and mixtures thereof. cyclohexyl isocyanate) and a polytetramethylene ether 

19. The method of claim 16, wherein said polymeriz- glycol with hydroxypropyl (meth)acrylate, and mix- 
able vinyl urethane is characterized by the structural 40 tures thereof. 

formula 

Ri o ? H o Rj 

1 II II [) 1 

CH2=C— C— O— R2— O— C— N— Rj— N— C— O— R4— O-C— C=CH2 



50 



55 



60 



65 



03/04/2004, EAST Version: 1.4.1 



